A total of 38 relapsed congenital clubfeet (16 stiff, 22 partially correctable) underwent revision of soft-tissue surgery, with or without a bony procedure, and transfer of the tendon of tibialis anterior at a mean age of 4.8 years (2.0 to 10.1). The tendon was transferred to the third cuneiform in five cases, to the base of the third metatarsal in ten and to the base of the fourth in 23. The patients were reviewed at a mean follow-up of 24.8 years (10.8 to 35.6). A total of 11 feet were regarded as failures (one a tendon failure, five with a subtalar fusion due to over-correction, and five with a triple arthrodesis due to under-correction or relapse).
There is no standard operation for relapsed clubfoot because different deformities may co-exist. The various soft-tissue and bony procedures available are mostly directed at correction of specific anatomic deformities, and operations may therefore vary between cases. [1] [2] [3] Transfer of the tendon of tibialis anterior for the treatment of recurrent congenital clubfoot was described by Garceau 4 in 1940, and has become popular for the treatment of relapsing clubfoot as a part of the Ponseti method. [5] [6] [7] [8] [9] The purpose of this study was to evaluate the contribution of this operation to other corrective procedures and to review the long-term results in feet treated with revision operations which included this transfer.
Patients and Methods
In a retrospective review of records of patients treated for relapsed congenital clubfoot in our department between 1974 and 1995, the surgical procedure included transfer of the tendon of tibialis anterior in 54 patients (76 feet). A total of 27 patients (17 boys, ten girls) attended for clinical and radiographic review. There were 11 bilateral cases, resulting overall in 38 feet (22 left, 16 right) for assessment.
Patient data included their age at presentation, the treatment before relapse and grading of the deformity (Manes, Costa and Innao 10 ), stiffness of the foot, the clinical strength of the peroneal muscles, pre-operative electrophysiology, procedures associated with transfer of the tendon of tibialis anterior and the surgical technique of tendon transfer.
Evaluation at follow-up comprised a clinical and radiographic examination, the clinical and functional outcome, complications and any further surgery.
The appearance of the feet at follow-up was classified according to Garceau and Palmer, 11 based on residual metatarsus adductus, heel varus and equinus. The clinical outcome was evaluated by the Laaveg-Ponseti 12 system (excellent result, 90 to 100 points; good, 80 to 89; fair, 70 to 79; poor, < 70), based on pain, function, personal satisfaction, the range of movement of the ankle and foot, alignment of the hindfoot and forefoot, and walking ability.
Stiffness was evaluated according to Garceau and Palmer, 11 assessing the mobility of the peritalar joint from zero (normal) to four (a triple arthrodesis).
The motor strength of the transferred tibialis anterior muscle was assessed according to Jones' 0 to 5-point scale. 13 Weight-bearing radiographs of the foot were taken and the talo-calcaneal angle, the talo-first metatarsal angle on the AP view, and the talo-calcaneal angle and the first-fifth metatarsal overlap ratio on the lateral view were measured. The overlap ratio, 7 was used as an indication of the degree of supination of the forefoot. The measurements were performed by three independent observers (ML, CB and MP) and the mean value of the angles and the median value of the overlap ratio were used.
Where post-operative radiographs carried out weightbearing three to six months after operation were available, the same measurements were performed on these films and comparison made between the post-operative and follow-up values.
The choice of comparison among these radiographic values was based on the assumption that variations between pre-and post-operative examination might be ascribed to the operation, whereas eventual differences, particularly as to eversion/abduction, might be attributed to the dynamic action of the transferred tibialis anterior.
Statistical analysis. This was performed on these data using the t-test method. A p-value of < 0.05 was considered significant.
Results
Revision surgery including transfer of the tibialis anterior was performed at a mean age of four years and ten months (2 years to 10 years and 2 months). The deformity was stiff in 16 feet and partially correctable in 22. In no case was the deformity dynamic or flexible. Severity 10 was categorised as grade I (reducibility of varus, equinus or supination possible up to < 20°) in ten feet, grade II (reducibility up to 20°t o 45°) in 22 feet and grade III (reducibility up to 45°) in six feet. Before revision surgery, a mean of 1.1 operations had been performed, in which 34 feet underwent one operation and four had two operations. In these 42 operations, a mean of 1.8 surgical procedures per foot (one to four) was performed: a posterior release was performed in all cases, associated with a medial release in 26 of these. In no case had the Ponseti technique 12 been used. At clinical examination, the strength of the peroneal muscles was assessed as normal in 26 patients and weak in 12 ( Fig. 1) . After ethical approval and informed consent, these 12 underwent electromyography as described by Costa, Gualtieri and Merlini.
14 Normal findings were recorded in all cases.
There was no pre-operative casting. Photograph of a) a 3.5-year-old boy presenting with a left relapsed clubfoot. A posterior and medial release had been performed at the age of two months. There was weakness of the peroneal muscles, but electrophysiology was normal. Medial release combined with tibialis anterior tendon transfer to the base of the fourth metatarsal was performed. b) Clinical appearance at the age of 28 years and ten months. The foot showed an 'excellent' appearance 11 and normal active dorsiflexion. Nevertheless, the clinical outcome 12 was poor (60 of 100). The operations to correct the deformity, along with transfer of the tendon of tibialis anterior, are summarised in Table I . Medial release was performed in 35 feet (92%) and posterior release in 16 (42%), whereas bony procedures to shorten the lateral column were undertaken in 17 feet (45%), including 12 cases of distal intra-articular resection of the calcaneum 15 and five of calcaneocuboid joint excision and fusion. 16 Transfer of the tendon of tibialis anterior was performed according to the technique of Garceau. 4 Three incisions were made, one to detach the tendon from its insertion, a second at the musculotendinous junction, through which the tendon was retrieved before moving it laterally and a third to reinsert the tendon to the base of the third metatarsal in ten cases, to the third cuneiform in five and to the base of the fourth metatarsal in 23. The site of reinsertion depended on the severity of the deformity, the correction achieved by the associated procedures, and the preferences of the five different surgeons (OD, SS, RL, LV, ADM) who performed the operations.
The tendon was transferred under the extensor retinaculum in 24 feet and superficial to it in a further 14. A hole was drilled through the site for reinsertion. The tendon was prepared with a resorbable suture, and then passed through the hole, withdrawn from the plantar surface and sutured under tension. The tendon was also sutured to the periosteum. A below-knee cast was applied for four weeks, followed by a weight-bearing cast for a further four weeks. There were no wound complications.
The patients were re-evaluated at a mean time from revision of 24.8 years (10.8 to 35.6).
One foot required re-operation 2.9 years after transfer of the tendon of tibialis anterior owing to failure of the tendon transfer at the site of reinsertion. The surgeon decided to reinsert the tendon into its anatomical site. Five feet (13.2%) had undergone a Grice subtalar fusion with reinsertion of the tendon into its anatomical site after a mean of four years (2.2 to 7.7) after transfer of tibialis anterior because of over-correction of the foot (Fig. 2) . Five feet had undergone triple arthrodesis, combined with calcaneal osteotomy in one case, at a mean of 10.4 years (7.8 to 17.6) because of under-correction or relapse of the deformity. All these 11 cases (28.9%) were regarded as failures of the revision and were excluded from the final evaluation of the clinical outcome.
Conversely, three feet had undergone surgery for reinsertion of the tendon into the anatomical site at a mean of 4.4 years (3.0 to 5.8) after transfer of the tendon of tibialis anterior, owing to early evidence of over-correction in a well-corrected foot. These feet were included in the final clinical follow-up.
A total of 27 feet underwent clinical examination at a mean of 23.5 years (10.8 to 35.6) after operation. All patients had reached skeletal maturity, with a mean age at follow-up of 28 years (15.0 to 42.7) ( Table II) . The clinical outcome was excellent in four feet, good in 16, fair in five and poor in two. The mean Laaveg-Ponseti 12 score was 81.6 (52 to 92) points. The more common subjective com- Photograph of a) a 5.5-year-old boy presenting with bilateral relapsed clubfoot (a posterior and medial release had been performed at the age of four months). Both feet underwent medial release and tibialis anterior tendon transfer to the base of the fourth metatarsal in the right foot and to the third cuneiform on the left. b) At age seven years and eight months both feet show over-correction with a valgus pronated flatfoot. Subtalar arthrodesis and re-insertion of the tendon into its anatomical site was performed bilaterally. plaints were of pain on excessive exercise, scars, a thin calf and stiffness. The appearance 11 was excellent in seven cases, good in 17 and fair in three. Stiffness 11 was mild in four feet, moderate in 15 and severe in eight.
The mean passive dorsiflexion of the ankle was to 13.4°( 0° to 25°). Eight feet showed dorsiflexion of ≤ 5°, eight 6°t o 15°, and 11 were > 15°. There was no significant correlation between dorsiflexion and outcome.
In one foot where the tendon was transferred over the extensor retinaculum, the 'bowstring' phenomenon 5, 8 was evident (Fig. 3) .
The motor strength 13 of the transferred tibialis anterior was normal (5 of 5) in 22 feet and good (4 of 5) in five, including the foot with the bowstring phenomenon.
There was no statistically significant correlation between the clinical features at presentation, the site of reinsertion of the tendon and the clinical outcome (p > 0.05).
With the three feet that required reinsertion of the tendon into its anatomical site, forefoot abduction did not progress and over-correction did not develop. The strength of the retransferred tendon was 4 of 5 in one case and 5 of 5 in two.
Radiographic evaluation, including post-operative and follow-up of radiographs, was available for 14 feet with a mean follow-up of 16.1 years (3 to 32), including 13 transfers along the fourth and one along the third metatarsal axis. Of these, three feet had required subtalar fusion due to over-correction and three re-insertion of the tendon into its anatomical site. In these cases measurements were made on radiographs taken before the latter procedure. The mean angle between the talus and the first metatarsal on the AP view was a +17.5° (-15° to 46°) in the post-operative films and +1.6° (-18° to 30°) at follow-up. Statistical analysis using t-tests was applied to the variations of this angle and found to be statistically significant (p < 0.05), which was indicative of progressive forefoot abduction. The mean variation was greater in more flexible (-19°, -3° to -41°) than in more rigid feet (-10.2°, -2° to -18°), but it was not possible to perform statistical tests to look for correlation of this variation with the pre-operative flexibility of the foot, given the small number of cases.
There was no statistically significant (p > 0.0.5) variation between the post-operative and follow-up measurements of the talo-calcaneal angles in the AP view (mean variation -0.6° (-16° to 12°)) and lateral views (mean variation -0.9° (-9° to 13°), and in the overlap ratio (mean variation -0.7 points, (-4 to 1).
Discussion
Relapsed clubfoot deformity may be due to incomplete primary correction, loss of reduction, scarring, 2,17-19 muscle imbalance or the original pathology. 8, 9, 15, 20 As different deformities may be present, a comprehensive surgical approach is required, tailored to the deformity 2, 6, 21, 22 and the age of the child. 19 Surgical techniques for relapsed congenital clubfeet can be divided into three broad categories namely soft-tissue releases, bony procedures and tendon transfers, the former two representing the main corrective procedures. 16 In the younger child soft-tissue release may be sufficient to achieve correction which has not been provided by primary treatment, 16, 20 whereas bony operations, variously combined with soft-tissue procedures, are required in the older child. 19 Tendon transfers play a secondary role and are indicated when muscle imbalance is a deforming or aggravating factor. 2, 16, [23] [24] [25] [26] [27] Such imbalance may occur with a range of presentations. That between invertor and evertor muscles 6 is common after primary treatment of congenital clubfoot. Children have feet that supinate during the swing phase and are supinated to some extent in the stance phase, but which are fully correctable at static examination. 6, 9 In most cases spontaneous correction occurs with maturation of muscle function. 6, 7 Where dynamic supination persists, it may lead to progressive and persistent clubfoot deformity as demonstrated by experimental studies 28 where fixed supination deformity developed after dividing the peroneal tendons. In some of these feet muscle or nerve dysfunction may be shown by electrophysiological studies. 6, 26 Conversely, imbalance may also be secondary to anatomical factors, such as abnormal insertion of the tibialis anterior tendon, or to the deformity itself. Incomplete primary reduction of the medially displaced navicular may result in a supinating force by the tibialis anterior tendon and the may often cause a relative weakness of peroneal muscles. 6, 25, 26 In such cases, once the deformity is corrected the peroneal muscles may regain function and muscle balance will be restored.
The transfer of the tendon of tibialis anterior is an important part of the Ponseti method for the treatment of relapsing clubfeet [5] [6] [7] [8] [9] 30 and is shown to be a reasonable means of achieving balance and preventing the progression of deformity. 7, 8 In these cases, this transfer, mostly performed as an isolated procedure, requires early recognition of recurrent deformity 9 and a flexible foot. 5, 8, 21 In the presence of joint contractures or bony deformities, the transfer is associated with various possible revision procedures, which are based mainly on clinical and radiographic examination but also on intra-operative findings. Gait analysis may be useful to characterise the deformity, particularly in detecting an overactive tibialis anterior using dynamic electromyography. 31 Electrophysiological examination may also be helpful to detect muscle or nerve dysfunction in cases with severe imbalance.
Our review is an analysis of the long-term results of different and complex revision procedures which included transfer of the tendon of tibialis anterior, and shows the usual limitation of this kind of study, in that there are many variables. However, our results concur with previous reports in that surgery for relapsed clubfoot gives a high percentage of unsatisfactory results. 19, 32 Unlike other authors', 12 we found no significant correlation between passive ankle dorsiflexion and outcome.
In our evaluation of the specific contribution of transfer of the tendon of tibialis anterior we compared postoperative and follow-up angles, which is a method not reported in other studies. In our opinion, comparisons between pre-operative and follow-up examinations 7, 8 are inadequate if additional procedures are associated with the transfer. Even though our radiographic evaluation has the bias of a high percentage of over-corrected cases, our results show that the transfer of the tendon of tibialis anterior mainly acts by providing a progressive reduction of the talo-first metatarsal angle, with a greater reduction in more correctable feet. With regard to the reproducibility of measurement of the talo-first metatarsal angle, it has been considered reproducible by some researchers 33 whereas others 34 found high intra-and interobserver variations. Conversely, in our study, improvement of supination and of the talo-calcaneal angles was not significant.
Other authors have reported similar but greater variations, namely a significant correction of forefoot adduction, 7, 8 improvement in the overlap ratio 7 and an increase in the talocalcaneal angles in AP and lateral views, 5, 35 but Photograph of a) a 4.3-year-old girl presenting with a bilateral relapsed clubfoot. She had already undergone a bilateral posteromedial release at the age of three months and re-operation on the left foot at the age of 2.3 years. Revision surgery on both feet included a medial release, a distal intra-articular resection of the calcaneum 15 and tibialis anterior tendon transfer over the extensor retinaculum and reinsertion at the base of the fourth metatarsal. b) Clinical appearance at the age of 21 years and eight months. The right foot showed an excellent clinical outcome (score 90 of 100), 12 a 'good' appearance, 11 moderate (2 of 4) stiffness, 11 and normal strength of the transferred tibialis anterior. The left foot showed a fair clinical outcome (score 76 of 100), a 'good' appearance 11 and severe (3 or 4) stiffness. 11 On active dorsiflexion the 'bowstring' phenomenon was evident, which caused an aesthetic complaint and reduction of the strength of tibialis anterior (score: 4 or 5). have either shown the above-mentioned limitations or that the procedure was performed on flexible feet.
In summary, in feet with a rigid or partially correctable deformity transfer of the tendon of tibialis anterior should not be expected to provide much improvement, except for reduction of adduction in more flexible feet, and correction should be provided by other procedures.
With regard to the site of reinsertion, the biomechanical effect of different sites has been studied by Hui, Goh and Lee 36 in cadavers. The ideal site for full tendon transfer was found to be along the axis of the third metatarsal, and insertion lateral to this caused greater eversion. However, the normal cadaver feet in their study might mimic flexible feet requiring muscle balance, but not relapsed clubfeet. In our radiographic analysis, 13 of 14 transfers were along the fourth metatarsal axis, so that a statistical study of correlation between the site of reinsertion and radiographic variations was not feasible.
Currently, our aim when seeking complete correction of the deformity or more flexible feet, is to reinsert the tendon along the third metatarsal axis. A more lateral insertion along the line of the fourth metatarsal may be needed in feet with imbalance and severe deformities, or greater risk of relapse, such as those that have had many operations or have much scar tissue.
In our study we did not specifically analyse the effect of transfer of the tendon of tibialis anterior on muscle balancing. The mid-term results, at a mean follow-up of 5.2 years (2 to 12.5), were evaluated in a recent paper 27 with a subjective scoring system of restoration of balance. Good results were reported in 87% to 88% of feet treated for dynamic supination only or for dynamic supination with other structural deformities, and fair results were reported in 12% to 13% of cases.
With regard to complications, over-correction is the most troublesome. Whereas a small degree of under-correction is often well tolerated in adulthood, over-correction is less acceptable and difficult to treat. 20, 37 Transferring the tendon to the cuboid or base of the fifth metatarsal 4, 26, 38 has resulted in a high rate of over-correction and should be avoided. Even in our experience of reinsertion along the third and fourth metatarsal axis, there was a high rate of over-correction (5 of 38 feet, 13.1%) with no significant correlation with the site of re-insertion, the age at operation or the clinical features. It is possible that muscle imbalance was overestimated in these feet.
Careful and frequent follow-up is advised. If any tendency to eversion develops, the tendon should be returned to the medial aspect of the foot. 25 A split transfer has been proposed as an alternative to complete transfer of the tendon of tibialis anterior in order to avoid this complication. 7, 21 Another risk is to weaken the strength of dorsiflexion. Five of our cases had reduced strength in the transferred tendon. This was found particularly in one of the three feet in which the tendon was returned to its anatomical site, and in the case with the 'bowstring' phenomenon. 5, 8 For this reason, we currently transfer the tendon beneath the extensor retinaculum. Extensive surgery for clubfoot has a high rate of poor results, stiffness, failures and re-operations, and transfer of the tendon of tibialis anterior adds its own problems. The role of this procedure for relapsed clubfoot should be reserved for those limited cases where muscle imbalance is a causative or contributing factor. In particular, the surgeon should confirm whether muscle imbalance is due to dysfunction between invertors and evertors, a mechanical consequence of the deformity, or both. If the transfer is required, a careful technique should be used, particularly in placing the tendon beneath the extensor retinaculum, and choosing the site and fixation of the transfer.
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